A theoretical assessment is made of the validity of assumptions underlying the theory for estimating local cerebral blood flow with diffusible tracer in the tissue under normal and ischemic conditions. First, Kety's deri vation of equations that have commonly been used for calculating local cere bral blood flow values is examined in order to define the problems and as sumptions. Second, the brain:blood partition coefficient of diffusible tracer, '" and the diffusion-limited factor, Ill , under normal and ischemic conditions are
Local cerebral blood flow has been measured by various techniques based on the principles of dif fusible tracer exchange between brain tissue and blood as originally described by Kety (1951) . The diffusible tracers have included [131I]trifluoroiodo methane (Landau et aI., 1955; Freygang and Soko loff, 1958) , [14C]alcohols (EkIOf et aI., 1974; Raichle et aI., 1976) , [14C] antipyrine (Reivich et aI., 1969) , [14C] iodoantipyrine (Sakurada et aI., 1978) , [3H]_ nicotine (Ohno et a1., 1979) , and 1-butyl-3-phenyl thiourea (Goldman et aI., 1980) for the autoradio graphic technique, which has proved useful mainly in small-animal experiments, and H2 (Fieschi et aI., 1965; Pasztor et aI., 1973) , Kr (Lassen and Munck, 1955) , and Xe (Harper et aI., 1964; Obrist et aI., 1975; Deshmukh and Meyer, 1978; Lassen et aI., 1981) for the injection and inhalation techniques, which have been employed extensively for measur ing local cerebral blood flow in man. The calcula tion of flow inevitably involves many approxima tions and idealizations of the model. The validity of such assumptions has been carefully justified by Kety (1951) , and they are widely accepted as veri fied, at least for gases in physiological conditions of the brain. The diffusible tracer methods have often been applied to the measurement of flow in ischemic tissue for diagnostic or therapeutic pur poses in cerebrovascular diseases. Unfortunately, however, there is presently no direct evidence whether the validity of the assumptions continues to hold under ischemic conditions. Instead, the heterogeneity of flow related to the pathological changes of ischemic tissue (Blair and Waltz, 1970; Ginsberg and Myers, 1972; Tamura et aI., 1980) would appear to invalidate some of the assumptions.
The purpose of this paper is therefore to return to Kety's original derivation of equations (Kety, 1951) for the calculation of cerebral blood flow, to reex amine critically the assumptions which underlie the calculation of flow in relation to the dimensions of the constants or variables used in Kety's equations, and then to estimate how values of the brain:blood partition coefficient (A) and the effectiveness of the tissue-capillary diffusion equilibrium (factor m) of diffusible tracer would deviate under ischemic con ditions.
Theoretical Derivation of Equations and Underlying Assumptions
Concentration Change in the Capillary Bloo d Following Kety's derivation, a simplified capil lary model in the tissue is assumed, as shown on the left-hand side of Fig. 1 . The symbols have been slightly modified from Kety's original description (Kety, 1951) , which was for gas exchange between blood and alveoli in the lung.
Assuming conditions in which a freely diffusible tracer, administered by respiration, intra-arterially, or intravenously, is carried to a capillary of the brain tissue by the blood and diffuses into the tis sue surrounding the capillary, let Cb [ML -3] (sym bols in square brackets indicate dimensions) repre-sent the variable blood concentration of the tracer along the capillary of length L [L], and x [L] a vari able distance from the arterial end along the capil lary. Further, let r [L] represent the radius of the capillary, v [LT-l] the average linear velocity of the blood in the capillary, andP [LT-1] the permeability coefficient per unit area for the tracer across the capillary wall. Now, assume that the mass of tissue outside the capillary is a rapid well-mixed compart ment with respect to the tracer, so that the concen tration in the tissue Ci [ML -3] is uniform from one end of the capillary to the other. As an element of blood moves in the capillary from x through dx, it releases a quantity of tracer across the capillary sur face 21Tr dx [U]
where A represents the partition coefficient of the diffusible tracer between the brain and blood, which will be considered in detail later. Equation (1) also equals the loss in concentration in the blood (dCb ) mUltiplied by the volume of blood under considera tion, 1Tr2 dx [V] . Let dx represent the distance that the blood flows per unit time; hence, dx = v dt, and dC,,1Tr2v dt = -21TrP dx(Cb -Ci/A) dt.
(2)
Since 1Tr2v is the flow per unit time F [VT-l], dC"ldx = -(21TrPIF)(C" -Ci/A).
(3)
FIG. 1. A simplified capillary model in the tissue (left) and the generation of factor m from the shaded area on a three dimensional diagram of concentration (y-axis) plotted against distance along the capillary (x-axis) and time (z-axis). Construction of the diagram was based on Eqs. 6 and 8 with assumed constants of A = 0.8, m = 0.7, and k = 0.7. The calculated flow value was 80 ml/100 g brain/min. It should be noted that m is indicated by the ratio (Ca-Cv)/(Ca-C;!A).
In this equation, C; is assumed to remain constant spatially due to rapid mixing and by temporarily neglecting an infinitesimal change during the pas sage of blood from the arterial to the venous end of the capillary. The latter assumption may hold good approximately, since the capillary volume repre sents less than 5% of the volume of tissue space surrounding the capillary that is available for dilut ing the tracer. The solution of Eq. (3) is as follows:
(4)
If we consider that for boundary conditions x = 0, Cb equals the arterial concentration Ca [ML -3], and for x = L, Cb equals the venous concentration Cv and that 27Tr L is the surface area of the capillary S [P], then Eq. (4) becomes, at the ve nous end,
By rearranging, we have
This is factor m, which is dimensionless. Two comments should now be made. First, the assumption of rapid mixing of diffusible tracer in the extravascular space on which the derivation of m is based would be valid for a compartment such as the alveoli of the lung but is less applicable for tissue. Rapid mixing or instantaneous diffusion only in the direction perpendicular to the axis of the capillary but not in the longitudinal direction was assumed by Morales and Smith (1948) , Schmidt (1953) , Sangren and Sheppard (1953) , and Johnson and Wilson (1966) for a precise description of the exchange between capillary blood and the surrounding tissue with the use of a partial differential equation. De spite the presence of such a precise equation, the reason why Kety applied factor m to cerebral tis sue, as described below, may be pragmatic. It is indeed by this assumption that his formula becomes ap plicable to the actual brain tissue via the direct sam pling method, the wide collimation method, and the pixels of computed tomography, which all detect the spatially uniform concentration of diffusible tracer in a given volume of the brain.
The second comment concerns the dimensions of F and PS. So far, F [UT-I] has indicated the flow in the capillary. However, for the sake of conve nience, blood flow is customarily expressed per unit weight of tissue, including its blood. Under such circumstances, ! has dimensions L 3 M -I T -I and is expressed as ml/g/min (ml/100 g/min, where 100 g of brain tissue is considered) or ml g-I min-I. Lassen and Perl (1979) attributed the discrepancy in dimen sions to 'A, which according to them is not dimen sionless but has a "hidden" dimension of ML -3.
If such an! [L3 M-IT-I] is used in Eq. (6), the di mensions of PS will need to be L 3 M -I T -I. In this case, S becomes the total capillary surface area per unit tissue weight [L2M-I].
Con centration Change in the Tissue
The next step in Kety's derivation (Kety, 1951) of equations for cerebral blood flow is rather well known. Based on the Fick principle, the amount of diffusible tracer, Q [M], taken up by the tissue, V[L3], per unit time is equal to the quantity brought to the tissue by the arterial blood minus the quan tity carried away in the venous blood:
Inserting (Ca -Cv) = m(Ca -C;/'A) from Eq. (6) and rearranging, we have dC;ldt = (mFI'AV)('ACa -C; ).
Putting mF I 'A V = k, this first-order linear equation can be solved for C; as
where Ak can be replaced by (mF I V) or mf. Taking changes in dimensions into consideration, 'Ak can also be equated with mF I W. This equation em braces almost all practical processes for concentra tion changes in a single homogeneously perfused tis sue. If time-dependent saturation or desaturation in Ca continues up to a specified time T, then
where A is the initial concentration in the tissue. Thus, the value ofk [T-I], the reciprocal of the time constant [T ], which implies the saturating or de saturating efficiency of diffusible tracer in the tis sue, can somehow be obtained from the concentra tion of diffusible tracer in the tissue at time T and the time course of the concentration in the arterial blood up to time T. This gives a theoretical equation for the auto radiographic method. However, the final value of! is not easy to obtain due to the two factors 'A and m, by which! is cal culated from k as! = Hi m.
A Under Normal Conditions
It was Zuntz's basic assumption (Zuntz, 1897) that the blood at the venous end is in equilibrium with the tissue itself at all times. Under ideal condi tions, all amounts of diffusible tracer which have been contained in the arterial blood are ther modynamically redistributed between the brain and blood according to the respective solubilities. The partition coefficient between the brain tissue and blood for the diffusible tracer, A, is thus the ratio of the solubility of the diffusible tracer in the brain tissue to that in the blood (Kety, 1951) . As for the solubility of Xe, Veall and Mallet (1965) , using fresh post-mortem human samples, reported values of 0.1025 for plasma, 0.2100 for red cells, 0.1196 for gray matter, 0.2253 for white matter, and 0.1610 for brain homogenates, expressed as the concentration relative to air at 37°C. Based on these figures, the practical A for various brain tissues can be calcu lated as A = St/(0.1075 Ht + 0.1025), where St is the solubility in the tissue and Ht the hematocrit. If Ht is 45% (0.45), A for gray and white matter will be 0.8 and 1.5, respectively. Chen et ai. (1980) recently showed that in dogs, Ostwald's solubility coeffi cients of Xe were 0.0939 for plasma, 0.2710 for red cells, 0.1354 for gray matter, 0.2247 for white mat ter, and 0.1503 for brain homogenate at 37°C. The calculated values of A at Ht = 45% were 0.8 for gray matter, 1.3 for white matter, and 0.9 for brain ho mogenate, which agreed well with the values re ported by Conn (1961) .
Some doubt must be cast on the process of mul tiplication of k by A to obtain absolute flow values. A single value of k may, on calculation, yield two entirely different flow values simply by arbitrarily assigning the tissue in question to gray or white matter. Thus, it is essential to determine A in each local tissue where flow measurement is being made. Kanno and Lassen (1979) described an in vivo method using emission CT for determining A for Xe in small regions of the human brain following intra arterial injection of radioactive 133Xe. According to them, the local A can be evaluated from the area (A ) under the observed monoexponential concentration curve. However, practical values of local A so ob tained appeared to show a wide diversity because of poor resolution of the method.
Another approach is followed by the stable Xe method (Kelcz et aI., 1978; Drayer et aI., 1978; Drayer et aI. , 1980) using CT, in which the arterial concentration of Xe is held constant by inhalation for a fairly long period, sufficient to permit com plete equilibrium between blood and tissue, and the concentration of a small volume of tissue can be J Cereb Blood Flow Metabol, Vol. I, No. 4. 1981 detected on a CT slice as enhancement. Under such conditions, the partition coefficient of the local tis sue is expressed as (11) Since the arterial concentration Ca is common for all compartments, topographic mapping of the Xe concentration on a CT brain slice with reference to constant blood concentration would theoretically indicate the distribution of A. The values of A for gray and white matter in vivo under control condi tions in baboons after breathing 80% Xe for 2 -16 min have been reported by to be 0.95 and 1.64, respectively. In other baboons treated in a similar manner, Meyer et ai. (1980) ob served values of 0.92 and 1.24 for gray and white matter, respectively. These values were stated by Meyer et al. (1980) to be in good agreement with the mean values determined in vitro by Conn (1961) .
For nonvolatile diffusible tracers, e. g. , [14C]_ antipyrine and [14C]iodoantipyrine, the values of A have been reported by Sakurada et ai. (1978) to be 0.91 and 0.80, respectively, in animals in which these tracers in the arterial blood were maintained at a constant concentration for at least 2 h for brain:blood equilibrium.
The solubility of diffusible tracer in blood is known to vary with the hematocrit of the blood since the solubility of most gases is higher in red cells than in plasma (Kety, 1951; Veall and Mallett, 1965) . It is also known that the tissue hematocrit is lower than the hematocrit in larger vessels. Larsen and Lassen (1964) reported that the tissue hemato crit value was about 92% greater than that for larger vessels, when calculated from the mean circulating times of plasma (13IJ-Iabeled albumin) and red cells (5ICr-labeled red cells) from the carotid artery to the internal jugular vein in man. The value was found to be 84% by Oldendorf et ai. (1965) , who employed the extracranial gamma detection tech nique for estimating the 5lCr-labeled red cell vol ume and 13lI-labeled albumin volume in the human brain. A much lower value of 60% was reported by Tomita et al. (1980) for the intraparenchymal ves sels of cats; these authors employed their photo electric method to detect the mean transit times of red cells (saline) and plasma (carbon black). Al though there are difference� between species and organs, even 10.4% (20.8% if the systemic hemato crit is 50%) for the control capillary hematocrit in the cremaster muscle of hamsters was reported by ,,-litzman and Duling (1979) . Thus, the value of 'A in ;itu may be underestimated if it is calculated fr om :he solubility in blood sampled fr om the larger ves ,els.
The value of 'A for brain tissue would remain con stant under normal conditions according to Yeh and Peterson's hypothesis (Yeh and Peterson, 1965 ) that the solubility is given by the sum of the solubility coefficients in the individual components. The al teration of 'A occurring fr om time to time in the in tact human brain after intracarotid 13:lXe injection as considered by Kuikka and Pitkanen (1979) is not due to 'A, but to transient disequilibrium, as will be discussed in the next section.
Factor m Under Normal Conditions
Factor m was designated by Kety (1960) as the effectiveness of the tissue-capillary diffusion equi librium. However, since it was so complicated and cumbersome to handle, m was omitted by several investigators (L assen and Munck, 1955; Harper et aI., 1964; Obrist et aI., 1975) , who established algo rithms for calculating cerebral blood flow by dif fu sible tracer methods. Figure 1 attempts to demonstrate how this rather abstract factor m can be derived from three dimensional reality. The concentration of the blood (y-axis) is plotted against distance (x -axis) along the capillary, and the elapsed time t (z -axis) after the commencement of a step increase in arterial con centration to ea . Thus, the x-y plane shows the con centration change in the capillary blood Cb with distance, and the y-z plane shows the time course of the tissue concentration Ci• Factor m is indicated by the ratio of (Ca -Cv) to (Ca -C; I'A) on a vertical line atx = L. If m = 1, or Cv = Ci I 'A, there will be no shaded area. This condition is customarily referred to as instantaneous equilibrium between the brain tissue and blood for the diffusible tracer, which was assumed by most investigators (Lassen and Munck, 1955; Harper et aI. , 1964; Obrist et aI., 1975) . If m = 0, the shaded area occupies all the (Ca -Cv) area.
It should be remembered that m, in the range fr om zero to unity, is the factor directly influencing the flow values by 'Aklm = f Two methods have been used to estimate the magnitude of m quantitatively. One is to compare flow values measured with test diffusible tracer with those measured by an entirely different "standard" method. The latter values can be estimated with gases or highly diffusible volatile substances, for which m is considered to be unity. Therefore, the ratio of the two flow values (fdlfr) is m, where the subscript d denotes the diffusible test tracer and r the reference. The other method is the double-tracer technique originally described by Chinard et aI. (1955) and Crone (1965) . The princi ple is based on the idea that any diffusible tracer injected into the carotid artery is divided into two fr actions: an extracted fraction which passes through the capillary wall and a nonextracted fr ac tion confined to the vessels and finally recovered in the venous blood. If two tracers, i.e., a nondiffu s ible reference tracer and a diffusible test tracer, are simultaneously injected into the carotid artery, the fr actional loss of the diffusible tracer at time t can be estimated fr om their dissociated recoveries in the venous blood:
where C (t) is the relative concentration at time t normalized by the amount injected. The comple ment of the recovered fr action is the extracted fr ac tion E [ dimensionless].
Since 1e-PS/F = m according to Eq. (6), E under physiological conditions is identical with m.
Crone's original method (Crone, 1965) averages the ratios of E as determined fr om two to four samples collected on the rising part of the indicator dilution curve. However, Lassen et aI. (1971) pointed out that certain errors may be introduced in this method by the interlaminar diffusion effect described by Taylor (1953), i. e. , a partial intravascular separation of the nondiffusible tracer molecules in their pas sage through the cerebral circulation. This effect could cause distortion of Cr (t), the denominator of the ratio in Eq. (13), and may explain some portion of the change in m depending on the time after in jection. Experimentally, it has been confirmed by Ohta and Farhi (1979) that m = 1 for gases. They analyzed the washout pattern of argon and methane fr om the rabbit brain according to Graham's law and concluded that the exchange of gases between blood and tissue was not limited by diffusion but by perfusion over a wide range of cerebral blood flows.
However, the finding of m = 1 for volatile sub stances does not appear to extend to the brain with high rates of flow. Eklof et aI. (1974) observed an approximately fourfold dissociation during hyper-capnia in the rat between blood flow values ob tained by the Kety and Schmidt technique, which requires no factor m, and the tissue sampling tech nique using either [14C]ethanol or 133Xe. This ob servation definitely suggests that the m even for volatile substances is lower than unity in the high flow situation. Kuikka and Pitkanen (1979) demon strated a time-dependent change in the ratio of the Xe concentration in the tissue to that in the blood. They termed it an "instantaneous partition coeffi cient"; however, this term is rather confusing. It would be natural if the calculated ratio of Ct / Cb were lower than A immediately after injection and for the Xe concentration in the tissue to be low while that in the blood is high if a certain diffusion limitation for Xe in the tissue is present. In the next moment, the concentration gradient, if any, is re versed because the arterial concentration falls to wards zero while the tissue concentration remains high. The calculated ratio may momentarily exceed A. In such a transient phase, some portion of the injected Xe would pass through the tissue without equilibration and would be carried away by the blood. The amount of diffusible tracer which passes through the tissue without equilibration may be es timated by back-extrapolation of the succeeding monoexponential desaturation curve. Employing this principle, Raichle et aI. found that 14C-Iabeled alcohols (Raichle et aI., 1976) and water (Eichling et aI. , 1974) were diffusion limited in the normal range of flow. They reported values (Raichle et aI. , 1976) of m of 0.93 for methanol, 0.97 for ethanol, and 0.99 for isopropanol at a blood flow of 50 mll100 glmin. However, the possibility that the initial rapid change is due to the amount of tracer which passes through a short-cut circuit, e. g. , the thoroughfare channels reported by Hasegawa et aI. (1967) , cannot be excluded. On the other hand, abundant data have been ac cumulated for lower values of factor m for non volatile diffusible substances, especially for antipyrine (Eckman et aI. , 1975; Goldman et aI., 1980) , which has been widely used in the measure ment of regional cerebral blood flow in small animals (Reivich et aI. , 1969) . The m for iodoan tipyrine was also estimated by Goldman et aI. (1980) to be lower than unity, although Sakurada et aI.
(1978) demonstrated it to be the same as that for trifluoro [131I]iodomethane, a volatile substance. The values of m reported by Goldman et aI. (1980) were 0.451 for antipyrine, 0.553 for iodoantipyrine, J Cereb Blood Flow Metahol, Vol. 1, No. 4, 1981 0.740 for n -butanol, and 0.902 for I-butyl-3phenylthiourea.
Any diffusible tracer in practical use seems to be diffusion-limited in the exchange between brain and blood, On neglecting such a factor m, the calculated flow values would be underestimated.
A Under Ischemic Conditions
In ischemic conditions, A may be reduced to the problem of alteration of the solubility of the diffus ible tracer in the ischemic brain tissue. Ischemic brain tissue in the initial phase of ischemia is characterized by the formation of edema, which is defined as an increase of water in the tissue (O'Brien et aI., 1974) . If we assume that the water content of the brain tissue increases by say 5%, and other components of the tissue are only diluted in concentration with the water, the alteration in the solubility of Xe could be calculated according to Yeh and Peterson's hypothesis (Yeh and Peterson, 1965) . Applying their data, the alteration of solubil ity would be from 0. 180 to 0.177, or only a 2% de crease. When we rechecked Kety's data (Kety et aI. , 1948) for the solubility of N20 in human brain tissue obtained from autopsy specimens at 4-24 h after death, a virtual lack of variation in solubility in individual specimens was found. This may be inter preted, although it was not implied by them, as indi cating that the solubility does not change in brain that has experienced absolute ischemia for 4-24 h. Such an assumption is supported by the agreement between A measured in vivo by the stable Xe method and that measured in vitro, for Xe, with a time-consuming procedure during which the tissue specimens have inevitably fallen into an ischemic condition. Based on these considerations, the alter ation in A with ischemia is concluded to be small unless the tissue has been infarcted, resulting in changes in the tissue components.
Using the stable Xe method, Drayer et aI. (1980) recently reported almost halved values of A (lowest, 0.15) in tissue experimentally infarcted in the ba boon brain. Such unexpectedly low values can hardly be explained by changes in the lipid content or in some other constituents, as in Yeh and Peter son's hypothesis, but are presumably due to insuffi cient delivery of Xe by low perfusion or no flow. The tissue would no longer be homogeneous with respect to blood flow, as manifested by a heteroge neity of pathological changes in the ischemic tissue (Blair and Waltz, 1970; Ginsberg and Myers, 1972; Tamura et aI., 1980) . For the sake of simplicity in developing a plausible explanation, the ischemic tissue may be divided into two parts representing extreme conditions demarcated by a diffusion bar rier, i.e., a circulating part and a noncirculating part. If such ischemic tissue is studied by the stable Xe method, the values of A. may tend to be lower because the concentration of Xe per tissue as a whole is expressed in terms of the amount of tracer per circulating plus noncirculating part or, in other words, is "diluted" by the volume of the noncir culating part. Thus, the values obtained by no means represent the true A. but apparent ones, which will be designated as "A.." If the value of the true A. in the circulating part remains unchanged, the ratio of "A." IA. may express the heterogeneity index of the ischemic tissue; e.g., in the case of 0.3, the circulating part is 30% and the noncirculating part, 70%.
Factor m Under Ischemic Conditions
The most complicated problem is determining factor m under ischemic conditions. When the cere bral blood flow decreases, the blood containing diffu sible tracer tends to stay longer in the capillaries and the extraction of the diffusible tracer would be come complete. The decrease in F would shift m towards unity according to Eq. 6: m = 1 -e � PS / F . Since the capillary wall in the ischemic area is known to become permeable to several tracers (O'Brien et aI., 1974) , P may also contribute to an increase in m towards unity. On the other hand, the change in S under ischemic conditions is complex, since the assumption of constant vascular dimen sions is by no means tenable. Using the photoelec tric method (Tomita et aI., 1978 ), Tomita et al. (1980 reported a triphasic change in cerebral blood volume (CBV) in the region of the occluded middle cerebral artery of cats: an initial rapid decrease, an increase overshooting the control level, and then a decrease. If the magnitude of the change in CBV is assumed to represent the volume of the capillary bed, S would be expected to vary according to the square root of CBV. In the hyperemic phase, an increase in S would increase factor m. However, in the second ischemic phase, wherein brain edema develops, the value of CBV was at maximum two thirds of the control. S is then calculated to be al most 80% of the control. However, since the flow values under such conditions were less than half of the control, the values of PS I F would still be in creased. The alteration in m towards unity would, on the one hand, bring the calculated flow values closer to the actual flow values, but on the other hand, it would hamper comparisons between flow values under ischemic conditions and flow values obtained with same diffusible tracer in the control state. For example, the auto radiographic densities of [14C]antipyrine in the control and ischemic areas of a brain slice can hardly be compared unless the changes in m are quantified.
When a gas is used, factor m under physiological conditions is very close to unity, and the error pro duced by m would be small so long as the ischemic tissue is homogeneously perfused, even though at a low rate of flow. However, the extremely slow transit of blood and the incomplete mixing in the ischemic tissue must be considered as possible ad ditional factors which could give rise to errors in the calculated flow values under ischemic conditions. As exemplified in Fig. 2 of the paper by Tomita et al. (1980) , a decrease in CBV accompanies an ex tremely prolonged mean transit time of blood. Under these circumstances, the exponential as sumptions would be seriously in error and k cannot be calculated accurately from the recorded Ci curves in the ischemic tissue (see Appendix). As regards incomplete mixing of diffusible tracer in the tissue where the intercapillary distance is widened by brain edema, no data are yet available in the literature.
Blood Flow in Infarcted Tissue
With a low-or no-flow state, the core of the isch emic region may fall into infarction, wherein the tissue becomes dead and necrotic. No diffusible tracer is transported into the area by the blood, but there is diffusion from adjacent circulating capil laries. Gotoh et al. (1961) demonstrated that the transport of an inert gas (nitrogen) through dead brain tissue was far slower than that through the living brain. Such slow transportation might be ac counted for by an absence of the bulk movement (convection) of diffusible tracer via capillary blood flow in the convection-diffusion model of Perl and Chinard (1968) . After all, the basic tissue model from which theoretical equations are derived is en tirely changed when infarction occurs. Unfortu nately, this is the case with most stroke patients. In fact, "head curves" from infarcted tissue obtained by the stable Xe method have been reported to be unpredictable, showing large deviations from expo nential changes (Sakai et aI., 1981) . A composite of various processes of Xe supply into the infarcted tissue must be involved, e.g., variable flows through remaining or newly produced vessels or complicated spatial diffusion of Xe through the het erogeneous materials.
In general, the ischemic condition under which diffusible tracer provides valid estimates for blood flow should be considered as sharply limited. Nevertheless, it is possible to generate any number of rate constants to fit any given curve obtained from ischemic tissue with infarction. Ample care must therefore be exercised, since up-to-date in struments respond to the investigator's demands by fixing constants, smoothing, and fitting the curve without regard for violations of the assumptions, until they yield a "reasonable" value. However, in the absence of adequate evidence, it remains un certain as to whether any of the computed flow val ues do, in fact, exist.
Appendix
The requirement for rapid blood transit through tissue in solving Eq. 7 for Ci (t) is not well known. When tracer is introduced into the tissue at time zero, transit times T are required for blood to traverse through the capillary bed. As a result, the venous concentration corresponds to the arterial concentration introduced T time units earlier, and Cv continues to be so related to Ca from then on (Zierler, 1961) . Under physiological conditions, T is short and therefore negligible. However, when T be comes prolonged and therefore not negligible in ischemic tissue, arteriovenous concentration differ ences of Ca (t) -Cv (t) during non-steady states are no more in themselves evidence of uptake of tracer by the tissue: the uptake would be overestimated during the saturation phase. Integration of Eq. 7 with the addition of the factor of T for Ci (t) becomes hopelessly complex.
The living tissue is, of course, able to perform such complicated integration without the difficulty of solving for Ci (t) in the ischemic state, which can be detected only with sophisticated instruments. However, calculation of flow from Ci (t) based on Eq. (9) or (10) cannot be justified because of the lack of validation of the exponential assumptions. Even if it is compromised with assumptions, severe errors as J Cereb Blood Flow Metabol, Vol. 1, No. 4, 1981 reported by Kanno et aI. (1981) would be produced with inappropriate adjustment of the reference time of Ca (t). 
